INTRODUCTION

43
Methylotrophic microorganisms utilize reduced C 1 compounds such as methane, methylamines or 44 methanol as sole carbon and energy source and play an important role in the global carbon cycle 45 (1, 2). A key step in methylotrophic metabolism is the oxidation of methanol to formaldehyde. 46 Whereas this oxidation step is catalyzed by FAD-dependent methanol oxidases with concomitant are widely distributed and not limited to methylotrophs, since virtually all organisms have to cope 57 with toxic formaldehyde as a byproduct of numerous environmental processes and various 58 cellular demethylation and oxidation reactions. Hence, nature developed diverse strategies for its 59 detoxification by efficiently capturing formaldehyde by cofactors, such as glutathione, mycothiol, 60 tetrahydrofolate, or tetrahydromethanopterin and subsequent oxidation of the products (9, 10). 61 The soil bacterium Corynebacterium glutamicum can grow on various carbon sources such as 62 sugars, organic acids, alcohols, or aromatics, but presumably not on C 1 compounds as none of the 63 known assimilation pathways is encoded in the genome. In agreement, it was reported that C. 64 glutamicum strain R does not grow on methanol (11). In industrial biotechnology, highly
MATERIALS AND METHODS
78
Bacterial strains, plasmids, media and growth conditions. Bacterial strains and plasmids used 79 or constructed in the course of this work are listed in Table 1, oligonucleotides in Table S1 . C. 80 glutamicum was routinely cultivated aerobically in 500 ml baffled shake flasks with 50 ml 81 medium on a rotary shaker (120 rpm) at 30°C. Either LB medium (24) or modified CGXII 82 minimal medium (25) containing 28 -222 mM glucose and/or 100 mM ethanol as carbon and 83 energy source was used. Methanol was added to the culture medium in concentrations from 50 84 mM to 3000 mM using a 5 M stock solution. For strain construction and maintenance, either LB 85 or BHIS agar plates [BHI agar (Difco, Detroit, MI, USA) supplemented with 0.5 M sorbitol] 86 were used. Media used in the course of gene deletion using pK19mobsacB were described before 87 (26). Escherichia coli DH5α was used for cloning purposes and was grown aerobically on a 88 rotary shaker (170 rpm) at 37°C in 5 ml LB medium or on LB agar plates [LB medium with 1.8% 89 (w/v) agar]. If appropriate, kanamycin was added to final concentrations of 25 µg ml -1 (C.
glutamicum) or 50 µg mL -1 (E. coli). Growth was determined by measuring of the optical density 91 at 600 nm (OD 600 ).
92
Recombinant DNA techniques. The enzymes for recombinant DNA work were obtained 93 from Fermentas (St. Leon-Rot, Germany) and Merck Millipore (Billerica, MA, USA).
94
Chromosomal DNA from C. glutamicum ATCC 13032 was prepared as described (27 downstream of the target gene (see Table S1 ). The coding regions of adhA (cg3107), ald
103
(cg3096), and adhE (cg0387) were amplified by PCR using the oligonucleotide pairs 104 P_adhA_fw_NdeI/P_adhA_rev_NheI, P_ald_fw_NdeI/P_ald_rev_NheI, and P_adhE_fw_NdeI/ 105 P_adhE_rev_NheI, respectively (Table S1) , digested with NdeI and NheI and cloned into the 106 expression vector pAN6 for complementation studies. The cloned regions were checked by DNA 107 sequencing using plasmid-specific primers (Table S1 ). x g, 4°C), the supernatant was used for enzyme assays. The protein concentration of the cell-free 169 extracts was determined by the method of Bradford (35) using bovine serum albumin as standard.
170
The assay was performed as described previously (11) In total, 20 genes were up-and 19 genes were down-regulated in the presence of 100 mM methanol (Table S2) DNA microarray experiment, confirming the negative effect of glucose on these genes (Fig. 5 ).
360
The total number of genes showing altered expression in these experiments was much larger due 361 to the usage of resting cells (Table S3) . In summary, we identified three enzymes (AdhA, Ald, AdhE, and Fdh) and one transcriptional 427 regulator (RamA) that are involved in the endogenous oxidation of methanol to CO 2 by C. shown, always accompanied by an evaporation control ( ).
